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Application No. 09/993,531 

Response to Office Action of May 1 0, 2005 

Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims: 

Claim 1 (Currently Amended): A chain and sprocket drive system comprising: 

a chain having a plurality of pairs of links being interconnected by pins; 

one or more generally circular sprockets which operate at varying speeds and the 
chain having external tensions i mparted to it originating from sources other than th* 
sprocket, the sprockets having a plurality of teeth spaced about their periphery, the 
sprockets having roots located between pairs of adjacent teeth for receiving the chain pins; 

each of the roots having a root radius extending between the center of the sprocket 
and a point along the root closest to the sprocket center in a radial direction; 

at least one of the roots having a first root radius, and at least one of the roots 
having a second root radius, at least one of the roots having a third root radius, the second 
root radius being less than the first root radius , the third root radius being less than th* 
second root radius : and 

the first, and second, and third root radii arranged in a pattern which repeats around 
the_periphery of the sprocket, the repe ating pattern effective to redistribute the external 
tensions imparted to the chain, reducing maximum tension forces exerted on the chain 
during operation of the system relative to the maximum tension forces in the system where 
the sprocket Is a straight sprocket. 
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Claim 2 (Currently Amended): The chain and sprocket system according to Claim 1 , 

wherein the pattern substantially re peats three times cprookot operat e s at varying opoodc 

a nd th e chain t e nsio n s aro red i stributed to oprockot ordoro eff e ctivo to F eduoo tho 

maximum tonoion forcos i mpartod to th e oha i n during rotation of tho cprookot . 

Claim 3 (Original): The chain and sprocket system according to Claim 2 wherein the 
root radii are arranged in a major pattern and a minor pattern. 

Claim 4 (Original): The chain and sprocket drive system according to Claim 3, 
wherein the tensions are redistributed to have concentrated tensions at least at four times 
for every rotation of the sprocket. 

Claim 5 (Previously Presented): The chain and sprocket system according to Claim 
1 wherein the root radii are arranged in a pattern that also reduces noise produced by the 
interaction of said chain and said sprocket. 

Claims 6 through 8 (Cancel) 

Claim 9 (Currently Amended): The chain and sprocket drive system according to 
Claim 1 £ ( wherein the first, second, and third root radii are arranged in a pattern that 
substantially repeats four times around the sprocket. 
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Response to Office Action of May 1 0, 2005 

Claim 1 0 (Currently Amended): A sprocket comprising: 

a plurality of teeth disposed along a circumference of the sprocket, adjacent teeth 
having roots therebetween, each of the roots having a root radius defined as the distance 
between the center of the sprocket and a point along the root closest to the sprocket center 
in a radial direction, the sprocket teeth and roots disposed to receive and engage a circular 
loop of chain which operates at variable speeds: and 

o plura l ity of d i fforo ftt at least three different root radi i, including a first root radius, » 
second root radius and a third root radiu s , the second radius less than the first and the third 
less than the second, 

the at least three differ ent root radii arranged in a pattern which repeats around the 
sprocket for distributing the tensions imparted to the chain by the sprocket to one or more 
preselected orders relative to the rotation of the sprocket, the distributed tensions effective 
to offset tensions imparted to the chain bv forces external to the sprocket nthor toncion 
©ewees reducing maximum tension forces exerted on the chain relative to maximum 
tension forces in the system where the sprocket is a straight sprocket. 

Claim 1 1 (Original): The sprocket according to Claim 10 wherein the root radii are 
arranged in a plurality of patterns, at least one of which is major pattern and at least one of 
which is a minor pattern. 

Claim 1 2 (Original): The sprocket according to Claim 10 wherein the pattern of root 
radii also is effective to reduce the noise generated by the interaction of the sprocket and a 
chain. 
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Claim 13 (Previously Presented): The sprocket according to Claim 10 wherein a 
preselected order comprises a fourth order. 

Claim 14 (Cancel) 

Claim 15 (Currently Amended): The sprocket according to Claim 10 wherein the 
pattern repeats three times e xt e rn a l t e na i nnft frnm ^mimac nthnr thnn +t™ ^p^^f nm 
i mparted to th e cha i n, and ono or moro of the proco le ct e d sprock e t ord e r s aro chocon to 
a dd to th e e xt e rna l toncionc i n th e chain . 

Claim 16 (Cancel) 

Claim 17 (Currently Amended): The sprocket according to Claim 10 46 wherein the 
first and sooond root - radii oro arrang e d - t fr o pattern that substantially repeats four times 
around the sprocket. 

Claims 18-19 (Cancel) 

Claim 20 (Currently Amended): A method of distributing tensions imparted to a chain 
and sprocket system operating at variable speeds, the_method comprising: 
providing a sprocket having a plurality of teeth separated by roots; 
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providing each root with a root radius extending between the center of the sprocket 
and a point along the root closest to the sprocket center in a radial direction; 

providing at least three o plura li ty of different root radii; and 

arranging the different root radii betw ee n adjac e nt s prock e t t ee th in a pattern which 
repeats at least two times offoctivo to d i stribute for distributing the tensions imparted to the 
chain and sprocket system reducing maximum tension forces exerted on the chain relative 
to maximum tension forces in the system where the sprocket is a straight sprocket. 

Claim 21 {Currently Amended): The method according to Claim 20, wherein the 
pattern repeats three times compri s ing sele cting a root radi i Bottom e ff e ctive to oonoo ft t R a t o 
cha i n t e ns i on s a t on e or mor e pr e d e t e rmin e d sprock e t ord e rs . 

Claim 22 (Currently Amended): The method according to Claim 20 24- wherein a 
plurality of root radii patterns are selected, at least one a major pattern and at least one a 
minor pattern. 

Claim 23 (Currently Amended): A method according to Claim 20 24- comprising 
selecting the root radii pattern effective also to reduce the noise generated by the 
interaction of the chain with the sprocket 

Claim 24 (Original): The method according to Claim 20, comprising concentrating 
the tensions imparted to the chain by the sprocket at a fourth sprocket order. 
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Claim 25 (Original): The method according to Claim 20, comprising selecting the root 
radii pattern effective to at least partially offset tensions imparted to the chain by sources 
other than the sprocket to balance the overall tension force imparted to the system by all 
tension sources. 

Claim 26 (Original): A method of concentrating tensions according to Claim 20, 
comprising selecting the root radii pattern effective to at least partially add to tensions 
imparted to the chain by sources other than the sprocket to at least partially balance the 
overall tension force imparted to the system by all tension sources. 

Claims 27 through 28 (Cancel) 

Claim 29 (Currently Amended): An automotive timing system comprising: 

a chain which operates at variable speeds, the chain having a plurality of pairs of 
links being interconnected by pins; and 

a generally circular sprocket mounted on a cam shaft having a plurality of teeth 
spaced about the periphery, the sprocket having roots located between pairs of adjacent 
teeth for receiving the chain pins* x 

each of the roots having a root radius extending between the center of the sprocket 
and a point along the root closest to the sprocket center in a radial direction^ 

at least one of the roots having a first root radius, at least one of the roots having a 
second root radius, and at least one of the roots having a third root radius, the second root 
radius being less than the first root radius and the third root radius being less than the 
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second root radius? A and 

the first, second, and third root radii arranged in a pattern which repeats at least two 

times and which maintains mainta i n i ng the distance between the chain pins substantially 

constant while the chain is engaged around the sprocket and effective to redistribute 

tensions imparted to the chain reducing maximum tension forces exerted on the chain 

during operation of the system. 

Claim 30 (Original): The automotive timing system according to claim 29, wherein 
the pattern comprises a sequence of second, third, third, second, first, second, third, third, 
second, first, second, third, third, second, first, second, third, third, and second root radii. 

Claim 31 (Currently Amended): The automotive timing system according to Claim 29 
34 wherein the root radii pattern is effective also to reduce the noise generated by the 
interaction of the chain and the sprocket. 

Claim 32 (Cancel) 

Claim 33 (Currently Amended): An automotive drive system comprising: 
a chain subject to tension loading sources external to the drive chain, the chain 
having a plurality of links, each link formed of two or more plates interconnected by pins, 
each pin having a central longitudinal axis, and the links providing contact surfaces; 

the chain traveling in a loop about at least one sprocket in driving engagement with 
the chain and at least one sprocket in driven engagement with the chain, each sprocket 
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having a central axis of rotation and plurality of surfaces spaced about the periphery of the 
sprocket disposed to engage the chain link contact surfaces; 

the sprocket engagement surfaces spaced a distance from the sprocket central axis 
to position the chain at a pitch radius defined by the distance between the sprocket central 
axis and the pin axis of a chain link engaged by the surfaces; and 

the engagement surfaces of at least one of the sprockets disposed to engage the 
chain at feast at a first pitch radius A an4 at least at a second pitch radius, and at least a 
third pitch radius, each of the pitch radii being different repeating with each rotation of the 
sprocket and arranged in a pattern imparting tensions to the chain at one or more sprocket 
orders effective to reduce maximum chain tensions during operation of the system relative 
to maximum chain tensions of the system where the sprocket is a straight sprocket 

Claim 34 (Previously Presented): The automotive drive system of Claim 33 wherein 
the system operates at variable speeds, the system speeds where chain tensions are 
generally at a maximum are the system resonance conditions; and the pattern of pitch radii 
are arranged to impart a maximum tension to the chain at said system resonance speeds. 

Claim 35 (Currently Amended): The automotive drive system of Claim 34 wherein 
the first pitch radius is greater th an the second pitch radfus and the second pitch radius is 
larger than the third pitch radius r e p e ats in a rogu l ar patt e rn during th e rotation of tho 
s procket and tho coconrf pifrh mrtii ic rnpnntr i n n rogiilnr pat t ern d u ring the rotation of tho 
s prock e t, tho firct radius cpaood from tho oocond rad i uo with othor pitch rad i i thorobotwoon . 
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Claim 36 (Currently Amended): The automotive drive system of Claim 35 wherein 
the e ngagement surfaces of oaoh tono i on - r e duoing oprocket provid e a rep e ating pattern 
repeats at least twice with each rotation of the sprocket o f p i tch radi i having a firct. 
m i nimum pitch rad i u s , a plurality of p i tch rad ii i noroac i ng to a se cond, - maximum pitch 
rad i uo, and a p l ura li ty of rad ii d e creas i ng to tho minimum pitch radiuo . 

Claim 37 (Currently Amended): The automotive drive system of Claim 33 wherein 
the eng a g e m e nt surfac e s of tho - t e n si on r e duc i ng oprockot ar e d i sposed to provido - o 
fe p ea ting, r e gu l ar pattern at least three times with each rotation of the sprocket e^pitefa 
rad ii offoctiv e to r e duce tho maximum chain toncions dur i ng oporotion of tho oyotom 
re l ative to a sy s tem whero tho s prock e t e ngagomont s urfaces aro dispos e d to prov i d e a n 
irrogular patt e rn of p i tch radi i. 

Claim 38 (Previously Presented): The automotive drive system of Claim 33 wherein 
the driving sprocket is rotated by an automotive powerplant at varying speeds; the 
powerplant operating at one or more speeds that produce substantially maximum chain 
tensions; and the pitch radii patterns of the tension reducing sprockets are effective to 
reduce said maximum chain tensions relative to maximum chain tensions in a system 
where the sprocket is a straight sprocket. 

Claim 39 (Previously Presented): The automotive drive system of Claim 38 wherein 
the pitch radii pattern provided by each tension reducing sprocket is effective to produce a 
maximum chain tension that Is substantially equal to or less than the chain tension in a 
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system where the sprocket is a straight sprocket through the normal operating speed range 
of the powerplant. 

Claim 40 (Currently Amended): An automotive drive system operable at variable 
speeds comprising: 

a chain subject to tension loads traveling in a loop about at least one sprocket in 
driving engagement with the chaini 

and at least one sprocket in driven engagement with the chain, the system operating 
at one or more speeds where chain tensions reach a peak relative to chain tensions at 
other system speed s J the system having tensions Imparted from sources other than the 
chain and sprocket.? 

the chain having a plurality of links formed of two or more plates interconnected by 
pins, each pin having a central longitudinal axis and the links providing chain contact 
surfaces, 

the at teast o ne eaeh sprocket having a central axis of rotation and a plurality of 
teeth and sprocket engagement surfaces bet w een the teeth, surfac e s 

the teeth and the sprocket engagement surfaces s paced about the*** periphery of 
the sprocket, the sprocket engagement surfaces disposed to engage the chain (ink contact 
surfaces^ 

the sprocket engagement surfaces spaced a distance from the sprocket central axis 
to dispose the chain at a pitch radius defined by the distance between the sprocket central 
axis and the pin axis of a chain link engaged by the surfaces; and 

the engagement surfaces of at least one of the sprockets disposed to engage the 
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^ai" to provide a pattern of at a minimum pitch radius, a maximum pitch radius, and 
intermediate pitch radii therebetween, 

the engagement surfaces maintaining the distance between adjacent pin axes of 
links engaged with the sprocket substantially constant, and 

the pitch radii ta-a pattern being repeated at least twice with each rotation of th*> 
sprocket forimparting tensions to the chain timed with respect to tension loads imparted to 
the system from other sources effective to reduce maximum chain tensions at one or more 
of the peak tension speeds relative to the maximum chain tensions at said peak tension 
speeds where the sprocket is a straight sprocket. 

Claim 41 (Currently Amended): The automotive system of Claim 40 wherein the 
p.attem repeats at least two times wi th each rotation of the sprocket -each teneinn rnriiiRing 
sprockot ongagomont - ourfacoc provid e a rogu l ar, rep e ating pattom of minimum and 
maximum p i tch radft around th e spro ck et . 

Claim 42 (Currently Amended): The automotive system of Claim 40 44 wherein the 
pattern repeats at le ast three t(mes with each rotation of the sprocket -each toncion 
reducing cprockot o ngagomont ourfacoc provido a pitch rad ii pattern whoro th o 
intormod i at e pitch rad ii i ncr a nftn frnm fhn minimum pjh*h mtiiup to tho maximum pitch 
rad i us and th e n docr e as e from tho maximum pitch rad i us to th e minimum p i tch radluc . 

Claim 43 (Previously Presented); The automotive system of Claim 42 wherein an 
automotive power plant rotates the driving sprocket, the automotive power plant imparting 
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periodic tension loads on the chain, the system reaching resonance conditions at 
powerplant speeds where the chain tensions reach their approximate maximum, and the 
pattern of pitch radii and the timing of the tensions provided by the pitch radii relative to the 
power plant tension loads are effective to reduce maximum chain tensions during operation 
of the system at said resonance conditions relative to the system where the sprocket is a 
straight sprocket operating at resonance conditions. 

Claim 44 (Currently Amended): The automotive system, of Claim 40 43 wherein the 
pattern substantially repeats at lea st four times with each rotation of the sprocket one of 
moro cam sprookoto imp a rts periodic toncion loadc on tho chain, th e oyotom r e aching 
r e son a nc e conditions at poworplant cpoods whoro cha i n t e nsions a re a t 4h eir approximate 
maximunyand tho pattern of pitch rad ii and tho timing of the toncion s providod by tho pitch 
fa di i is e ff e ctiv e to roduco maximum ch a in t e ns i on during op e ration of th e s ystem at 
resonanco cond i tions rolotivo to th e system whoro the sprockot lo a straight sprockot 
oporatod at r e sonanoo conditiono . 

Claim 45 (Currently Amended): A tension reducing sprocket for an automotive drive 
system having a continuous loop chain in driving engagement with a driving sprocket and a 
driven sprocket, the chain formed of two or more plates interconnected by pins, each pin 
having a central longitudinal axis, and the links providing contact surfaces disposed to 
engage the sprocket, the sprocket comprising: 

a sprocket body and a central rotational axis, the sprocket body provided with 
engagement surfaces about its periphery, the engagement surfaces disposed to receive 
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the chain link contact surfaces in a driving relation, the engagement surfaces spaced a 
distance from the sprocket central axis to position the chain link received thereon at a pitch 
radius defined by the distance between the sprocket central axis and the chain link pin axis; 
and 

the engagement surfaces providing a repeating pattern of at leas t, three different 
pitch radii which repeats with each rotati o n of the sprock et, a f i rrt pitrh nH i. m nn* «t n 
oeoond groator pitch radiuc , the pattern of the pitch radii effective to reduce maximum 
chain tensions during operation of the drive system relative to the system where the 
sprocket is a straight sprocket. 

Claim 46 (Previously Presented); The tension reducing sprocket of Claim 45 
wherein at least the first and second pitch radii are selected and disposed to impose 
tension events on the chain timed with respect to torque loads imposed on the chain from 
other sources effective to reduce the maximum chain tensions during operation of the drive 
system relative to a system where the sprocket is a straight sprocket. 

Claim 47 (Previously Presented): The tension reducing sprocket of Claim 46 
wherein the first pitch radius repeats in a regular pattern during the rotation of the sprocket 
and the second pitch radius repeats in a regular pattern during the rotation of the sprocket, 
the first radius spaced from the second radius with other pitch radii therebetween. 
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Claim 48 (Previously Presented): The tension reducing sprocket of Claim 45 
wherein the engagement surfaces of the tension reducing sprocket are disposed to provide 
a repeating pattern of pitch radii having a minimum pitch radius, a plurality of pitch radii 
increasing to a maximum pitch radius, and a plurality radii decreasing to the minimum pitch 
radius. 

Claim 49 (New): A chain and sprocket drive system comprising: 

a chain having a plurality of pairs of links being interconnected by pins; 

one or more generally circular sprockets having a plurality of teeth spaced about 
their periphery, the sprocket having roots located between pairs of adjacent teeth for 
receiving the chain pins; 

each of the roots having a root radius extending between the center of the sprocket 
and a point along the root closest to the sprocket center in a radial direction; 

at least one of the roots having a first root radius, and at least one of the roots 
having a second root radius, at least one of the roots having a third root radius, the second 
root radius being less than the first root radius, the third root radius being less than the 
second root radius; and 

the first, second and third root radii arranged in a pattern that substantially repeats 
four times around the sprocket, the pattern effective to redistribute tensions imparted to the 
chain, reducing maximum tension forces exerted on the chain during operation of the 
system relative to the maximum tension forces in the system where the sprocket is a 
straight sprocket 
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Claim 50 (New): A sprocket comprising: 

a plurality of teeth disposed along a circumference of the sprocket, adjacent teeth 
having roots therebetween, each of the roots having a root radius defined as the distance 
between the center of the sprocket and a point along the root closest to the sprocket center 
in a radial direction, the sprocket teeth and roots disposed to receive and engage a circular 
loop of chain; and 

at least three different root radii, the second radius being less than the first radius 
and the third radius being less than the second radius, the at least three different root radii 
arranged in a pattern around the sprocket that substantially repeats four times around the 
sprocket arranged in a pattern distributing the tensions imparted to the chain by the 
sprocket to one or more preselected orders relative to the rotation of the sprocket, the 
distributed tensions effective to offset tensions imparted to the chain by other tension 
sources reducing maximum tension forces exerted on the chain relative to maximum 
tension forces in the system where the sprocket is a straight sprocket. 

Claim 51 (New): An automotive timing system comprising: 

a chain having a plurality of pairs of links being Interconnected by pins; and 

a generally circular sprocket mounted on a cam shaft having a plurality of teeth 

spaced about the periphery, the sprocket having roots located between pairs of adjacent 

teeth for receiving the chain pins, 

each of the roots having a root radius extending between the center of the sprocket 

and a point along the root closest to the sprocket center in a radial direction, 

at least one of the roots having a first root radius, at least one of the roots having a 
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second root radius, and at least one of the roots having a third root radius, the second root 
radius being less than the first root radius and the third root radius being less than the 
second root radius, and 

the first, second, and third root radii arranged in a pattern comprising a sequence of 
second, third, third, second, first, second, third, third, second, first, second, third, third, 
second, first, second, third, third, and second root radii, the pattern maintaining the 
distance between the chain pins substantially constant while the chain is engaged around 
the sprocket and effective to redistribute tensions imparted to the chain and reduce 
reducing maximum tension forces exerted on the chain during operation of the system. 

Claim 52 (New): The automotive timing system according to claim 29, wherein the 
pattern comprises a sequence of second, third, third, second, firet, second, third, thirxJ, 
second, first, second, third, third, second, first, second, third, thirxJ, and second root radii. 

Claim 53 (New): The method according to claim 20 wherein the pattern repeats four 

times. 
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